Cancer registries in Latin America have consistently reported high rates of cervical cancer, some of which are among the highest recorded in the world {12). In 1982, a model was proposed whereby the high rates in Latin America could be explained by the existence of a large number of sexual partners among the male population (including frequent contacts with prostitutes) and monogamy or few sexual partners among the female population (3).
In agreement with the model, we have shown that, in Colombia, a country that has a population at high risk for developing cervical cancer, men and women reported a threefold higher number of sexual partners than men and women in Spain, which has a population whose risk of developing cervical cancer is sevenfold to eightfold lower. Colombian men also reported a 2.5-fold higher number of sexual partners who were prostitutes (4) . A few case-control studies have assessed the risk of women developing cervical cancer in relation to the number of sexual partners of their husbands. Most of those studies conducted in countries with lowrisk populations have reported a positive association (5) (6) (7) (8) , whereas those carried out in countries with high-risk populations have yielded inconsistent results (9-U).
Three studies (8) (9) (10) found no association between penile HPV DNA in men and the risk of cervical cancer in their current sexual partners.
To evaluate further the associations between penile HPV DNA, male sexual behavior, and cervical cancer in a highincidence country, two case-control studies of women with cervical intraepithelial neoplasia (CIN) grade III (CIN III) (72) or invasive cervical cancer (i.e., invasive squamous cell carcinoma of the cervix) and their husbands were conducted in the city of Cali, Colombia. This investigation was part of a larger project in which a study of the same design was concurrently conducted in Spain [see accompanying report by Bosch et al. (75) in this issue of the Journal].
Subjects and Methods

Subjects
Men enrolled in these studies were husbands or regular partners of women of four groups recruited in two case-control studies. The design of the studies was detailed elsewhere (14, 15) . In brief, field work was conducted in Colombia from June 1985 through December 1988. Eligible case subjects were all women with incident, histologically confirmed, invasive squamous cell carcinoma of the cervix or CIN III identified among residents (of at least 6 months' standing) in the city of Cali, Colombia. Control women for the case women with invasive squamous cell carcinoma of the cervix were age-stratified, randomly selected women from the general population. Control women for the CIN III case women were women with a normal cytology smear who were matched to the case women by age and recruitment center. The target number was one control woman per case woman.
Current husbands of case women (n = 210) and control women (n = 262) were defined as men having had regular sexual intercourse with the index women for at least 6 months, irrespective of the existence of a formal marriage or a common house. The study subjects were interviewed in detail regarding sexual behavior by specially trained male interviewers using a structured questionnaire. The interview usually took place in nearby health facilities and only rarely at the home of the subject. Recall and information biases are especially relevant in case-control studies eliciting information on sexual behavior. To reduce the possibility of these biases, study subjects were reminded at several points in the interview of the confidential nature of their responses and the importance of providing accurate responses.
Cell and Serum Samples
After the interview was completed, two samples of exfoliated cells were taken from the husbands at the health care facility from the distal urethra and the external surface of the glans and coronal sulcus of the subjects by use of two saline-wet, cottontipped swabs. A smear was prepared for cytology reading, and the remaining cells were eluted in phosphate-buffered saline, pelleted, and stored at -20 'C. Serum samples were also obtained and analyzed for antibodies to herpes simplex virus type II (by enzyme-linked immunosorbent assay [ELISA]), Chlamydia trachomatis (by indirect immunofluorescence), Neissena gonorrhocae (by indirect hemagglutination), and Treponema pallidum (by ELISA). The different techniques and antigens used and the criteria for positivity were detailed previously (16) . All protocols were cleared by the International Agency for Research on Cancer and by local ethical committees.
Detection of HPV DNA by Polymerase Chain Reaction
HPV DNA sequences were searched for in the cytologic specimens. A widely used polymerase chain reaction (PCR) DNA amplification-based method was employed for the detection and typing of HPV DNA. LI consensus primers MY09/MY11 were used but were modified as described by Hildesheim et al. (17) . Primer HMB01 was added to MY09/MY11 to facilitate amplification of HPV-51; the generic probe (a mixture of HPV-16 and HPV-18) was enlarged to include also HPV-51 and HPV-66; 25 type-specific probes were utilized (17) (18) (19) . Primers for a fragment of the p"-globin gene served as an internal control to assess whether each specimen was sufficient for amplification.
All specimens were prepared and analyzed by standard procedures in the laboratory of K. V. Shah. Positive controls showed that the assay detected fewer than 25 copies of HPV-16 per reaction. None of the negative controls (one human kidney tissue fragment per 25 fragments analyzed) revealed HPV DNA, suggesting that laboratory contamination did not commonly occur. Quality-control (internal reproducibility) specimens (one masked, repeated specimen per 25 specimens analyzed) showed perfect agreement, suggesting both reliability and lack of contamination. All utensils were disposable and were discarded immediately after each use (single use for each specimen). Standard methods to avoid and to monitor for contamination were used throughout the laboratory analysis (20) . All PCR assays were performed in a blinded procedure with regard to the case-control status of the subjects.
Of the 900 women participating in the original case-control studies, 646 (71.8%) reported having a husband at study entry. Of the 646 husbands, 472 (73.1%) agreed to participate and were interviewed. The participation rates of the husbands were 72.9% (210 of 288) for husbands of case women (118 of whom had CIN III and 92 of whom had invasive cervical cancer) and 73.2% (262 of 358) for husbands of control women (173 and 89 women matched to case women with CIN III or invasive cervical cancer, respectively). Serum was collected from 157 (74.8%) and 197 (75.2%) participating husbands of case women and control women, respectively. One hundred forty-eight (70.5%) of the husbands of the case women and 188 (71.8%) of the husbands of the control women provided cytologic specimens for HPV DNA detection by PCR. Of these two groups of husbands, 39 (26.4%) and 56 (29.8%), respectively, were (J-globin negative; therefore, they were considered inadequate. Thus, the total number providing adequate specimens for PCR assays was 109 (51.9%) of the husbands of case women and 132 (50.4%) of the husbands of control women. The distribution of the main risk factors (educational level and number of sexual partners) among the subjects who provided adequate specimens was not significantly different from that among the subjects who did not provide such specimens (data not shown).
Statistical Analysis
The association between the selected characteristics of the sexual behavior of men and cervical cancer in their wives was evaluated by use of unconditional linear logistic regression models to estimate odds ratios (ORs) and 95% confidence intervals (CIs) after we controlled for the effects of potential confounders (21) . We conducted separate analyses by using conditional and unconditional methods for the CIN III matched study. Both analyses yielded virtually the same results (CIs for ORs were less precise in the conditional analyses), and the unconditional analyses are presented.
Separate analyses of the two types of studies (CIN III and invasive cervical cancer) showed very similar risk patterns, and data from the two studies were combined in the presentation of results after we included type of study (CIN III or invasive cervical cancer) as a regressor variable in all logistic regression models. Because of its potential confounding effect and the stratified design, age (£39 years, 40-49 years, and £50 years) was also included in all logistic models.
To estimate the association between cervical cancer and type-specific HPVs, the HPVs were grouped into high-risk types (types 16, 31, 33, 35, 45, 51, 58, and 66), low-risk types (types 6, 11, 53, 54. and PAP155), and HPV-X (specimens testing positive by the generic probe and negative by all 25 typespecific probes). Those subjects from whom biological specimens were not obtained or from whom the amplification of DNA in their specimens was inadequate (p-globin negative) were included as a separate category (unknown HPV status).
Statistical significance was set at the .05 a value, and all P values were derived from two-sided statistical tests.
Results Table 1 shows the number of subjects included in the study and the distribution of selected risk factors other than sexual behavior variables. The analyses, adjusted for age and study type (CIN in or invasive cervical cancer), identified low educational level (i.e., never received any formal schooling) as the strongest significant risk factor (OR = 4.1; 95% CI = 1.9-9.1). Ever smoking was also identified as a risk factor (OR = 1.6; 95% CI = 1.1-2.3), and a significant (P = .01) dose-response relationship was observed with the estimates of pack-years of smoking. The presence of antibodies to C. trachomatis in the husband was significantly related to cervical cancer in his wife (OR = 2.4; 95% CI = 1.4-4.1).
The HPV DNA prevalence was 25.7% (28/109) among husbands of case women and 18.9% (25/132) among husbands of control women (OR = 1.3; 95% CI = 0.7-2.5). The distribution of HPV types among the 53 HPV DNA-positive subjects was as follows: HPV-16, nine subjects; HPV-53, four subjects; HPV-31 and HPV-66, three subjects each; HPV-33, HPV-51, HPV-58, PAP155, and HPV-6 and/or HPV-11, two subjects each; and HPV-35, HPV^15, and HPV-54, one subject each. After 25 type-specific probes were used, 21 positive specimens (11 in the case group and 10 in the control group) could not be typed; they tested positive by the generic probe only and were designated as HPV-X. Nine (17%) of the 53 subjects were positive by HPV types rarely found in cervical cancer specimens (HPV types 6, 11, 53, 54, and PAP 155) and considered low-risk types. Two subjects, both husbands of women with invasive cervical cancer, had double *The total number of husbands was 210. Their mean age ± standard deviation was 45.2 years ± 12.9 years. tThe total number of husbands was 262. Their mean age ± standard deviation was 46.0 years ± 13.2 years. $Odds ratio (OR) adjusted for age group (£39 years, 40-49 years, and £50 years) and study type (cervical intraepithelial neoplasia grade III or invasive squamous cell carcinoma of the cervix). Boldface numbers indicate statistical significance. P for trend tests were two-sided. §Primary education includes any schooling received up to approximately 10 years of age; secondary or higher education is any additional schooling received beyond primary education.
Illncludes Table 2 . Overall, the HPV DNA prevalence increased with number of sexual partners and decreased with age, but these trends were not statistically significant (P values for trend tests, .32 and .28, respectively). Table 3 shows the risk estimates for selected sexual behavior variables. None of the husbands' characteristics evaluated were associated with the presence of cervical cancer in their wives. Further analyses were conducted in which we evaluated the effect of the number of female sexual partners and the number of contacts with female prostitutes before and during current marriage after adjustment for each other and for the duration of current marriage. None of the analyses showed an increased risk in relation to the sexual behavior of the husbands. Table 4 shows that the risk estimates adjusted for age group, study type, educational level, presence of antibodies to C. trachomatis, and smoking were very close to the ones found in the univariate analyses (Tables 1, 3) . The exception was for husband's pack-years of smoking, which was no longer statistically significant after adjustment for the wife's packyears of smoking. After we restricted the analysis to the husbands of monogamous women, the magnitude of the excess risk for women whose husbands had not attended school almost doubled-from an 
P = .2S
•Values = number of subjects positive for HPV DNA/number of subjects tested for HPV DNA (percent positive). tTwo-sided.
OR of 4.4 to an OR of 7.7 (Table 4) . Adjustment for the presence of HPV DNA in the cervical cells of the wives did not change the results (data not shown). A stratified analysis by the HPV DNA status of the women showed that the risk of cervical cancer was unrelated to the husband's behavior among HPV-positive women; in contrast, among HPV-negative women, the presence of antibodies to C. trachomatis was significantly related to cervical cancer. Other related variables of men that showed no association with cervical cancer were as follows: presence of antibodies to herpes simplex virus type II, N. gonorrhoeae, and T. pallidum; years since last sexual intercourse; genital hygiene; retractile foreskin; sex during menses; homosexuality; and condom use (data not shown).
Discussion
In Colombia, seropositivity for C. trachomatis and lack of schooling among men were identified as independent risk factors for cervical cancer in their wives. None of the variables related to sexual behavior, such as the detection of HPV DNA in the penis or the presence of antibodies to three other common sexually transmitted diseases, were associated with cervical cancer risk.
The etiologic association between HPV and cervical cancer and the identification of sexual intercourse as the predominant mode of transmission of HPV to the cervix have been established (14,15,18^2-27) . It is thus somewhat surprising that our study, which was conducted in an area with a population at high risk for cervical cancer, could not identify an increased risk related to men's number of female sexual partners, number of additional female partners during marriage, or contacts with female prostitutes. However, our results are consistent with those reported in two other studies (9,10) that included subjects from five countries in Latin America with populations at high risk for cervical cancer.
In contrast, in studies conducted in populations with an intermediate or low incidence of cervical cancer such as the U.K. (6), Israel (5), or Spain (75), an increased risk was clearly observed with increasing number of sexual partners and number of contacts with prostitutes by husbands.
Our results showed no association between penile PCR-detected HPV DNA and the risk of cervical cancer, which is in agreement with two previous casecontrol studies (8,9) using first-generation HPV hybridization methods. In Brazil (10) , with the use of a PCR-based method, high prevalences of HPV DNA were found in both husbands of case women (42%) and husbands of control women (48%). In contrast, the study in Spain (13) found a strong association between penile HPV DNA and cervical cancer. The contrasting results seem to be linked to the very high number of sexual partners uniformly reported by men in countries with populations at high risk for cervical cancer.
By analogy with several surveys conducted among women (19 28 29) , one survey conducted in men (30) , and our own results (see Table 2 ), we can speculate that the HPV DNA prevalence in men peaks in the young and then rapidly decreases and stabilizes at low rates after about the age of 40 years. Thus, the HPV DNA prevalences found in middle-aged individuals are not fully informative with regard to lifetime exposure to HPV. One unifying hypothesis that derives from these results is that in areas with populations at high risk for cervical cancer, such as the population of Colombia, the probability of exposure to HPV among young men is high or very high. Consequently, women having sexual contacts with even a limited number of male partners have a high risk of acquiring the viral infection.
The determinants of the evolution of the HPV infection in both sexes to spontaneous cure, acquisition of a chronic carrier status, or progression to neoplasia remain subject to active research. Such factors as age at infection, concurrent pregnancy, use of oral contraceptives, presence of other sexually transmitted diseases, and the immunologic and genetic profiles of the woman may be of relevance. Epidemiologic studies, including our study, suggest that young age of women at exposure to HPV (as approximated by age at first sexual intercourse or age at first giving birth) is an independent determinant of the evolution of the infection (57). In addition, some evidence suggests that persistent infections occur less frequently in males than in females (32) . If this is the case, studies of the male role in areas where multiple marriages (defined as sexual relationships lasting >6 months) are common are prone to bias because the interview and specimen collection are performed on husbands whose marital life was initiated after the relevant •Odds ratio (OR) adjusted for age group and study type (cervical intraepithelial neoplasia grade III or invasive squamous cell carcinoma of the cervix). P for trend tests were two-sided.
HPV infection in their wives had occurred. In Cali, for example, 66% of the women recruited as population controls reported only one marital partner; thus, 34% of the interviewed husbands may not have been sexually related to their current wife at young ages when a higher susceptibility of the cervix to HPV infection may occur. The analysis restricted to monogamous women, however, produced results similar to those observed when all women were included.
We observed a statistically significant association between antibodies to C. trachomatis in the husband and cervical cancer in the wife after we adjusted for penile HPV DNA. The result is consistent with the findings in Spain {13). Furthermore, seropositivity for C. trachomatis in women was also a risk factor for CIN III in Colombia and in Spain (33) . These results encourage further research to assess the role of C. trachomatis in cervical carcinogenesis.
The husband's lack of schooling is a strong determinant of the risk of cervical cancer in his wife. In this population, men and women in the lower educational strata reported a significantly higher number of sexual partners, and men reported a Tables 1 and 3 . tOdds ratio (OR) adjusted for age group, study type (cervical intraepithelial neoplasia grade III or invasive squamous cell carcinoma of the cervix), education, smoking, and antibodies to C. trachomatis. Boldface numbers indicate statistical significance. P for trend tests were two-sided.
Primary education includes any schooling received up to approximately 10 years of age; secondary or higher education is any additional schooling received beyond primary education.
§Further adjusted for female pack-years of smoking. WSee Table 1 footnotes for list of HPV types. ORs for high-risk types and HPV-X combined: 1.4 (95% confidence interval = 0.7-2.8) among all husbands and 1.1 (95% confidence interval = 0.3-3S) among husbands of monogamous women.
higher number of contacts with prostitutes (34) . Although the HPV DNA prevalence was not different across educational levels (data not shown), it did tend to increase with the number of sexual partners (Table 2) .
Our study has potential limitations that must be recognized. Misclassification of the number of sexual partners reported by men could have underestimated the association. That misclassification is not the main explanation for the lack of association with the number of sexual partners is suggested by the strong correlation observed between the number of sexual partners and the presence of antibodies to either C. trachomatis, herpes simplex virus type II, N. gonorrhoeae, or T. pallidum, as well as with the detection of HPV DNA (data not shown).
Selection bias should also be considered because not all eligible subjects agreed to participate or provided adequate cell specimens for PCR testing. Similar distributions by educational level and by number of sexual partners of those who provided adequate cell specimens and those who did not (data not shown) suggest that this type of bias is not a likely explanation for the lack of association. Finally, the collection of cells from the penis and the PCR system used may be of insufficient sensitivity to detect HPV DNA.
In conclusion, in Colombia, a country that has a population in which the women are at high risk of developing cervical cancer and where the number of sexual partners and the number of contacts with prostitutes reported by men are both high, the wives' risk of cervical cancer related to their husbands' sexual promiscuity is less visible. HPV DNA detection in the penis of adult men is relatively high but is still a poor reflection of lifetime exposure to HPV.
Our results point to the need for further research to more fully understand the male role as a likely determinant of the incidence of cervical cancer. It will be necessary to conduct HPV natural history studies including HPV surveys in representative samples of men over a wider range of age groups and using updated hybridization or serologic technology. If you plan to show the tape at a meeting of health professionals or other interested persons, we would be happy to arrange for a staff member to attend the showing and conduct a follow-up question and answer session. To schedule a presentation or order tapes, call Molly Matthews at (301) 951-1104. 
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